The murine dorsal air pouch model is a valuable tool for studying acute peripheral inflammatory reactions. We used this model to study the effect of diet on the onset of acute inflammation. Mice were fed a normal or a high-fat diet (HFD) for 5 weeks. Air pouches were raised and injected with non-stimulating (saline) or stimulating solution (saline containing lipopolysaccharides). After 4 h, leukocytes in the pouch fluid were enumerated, sorted and their viability measured. Cytokine/chemokine levels in the cell-free fluid were measured using a cytometric bead assay. Gene expression level was measured in leukocytes and in lining tissues using comparative real-time PCR. Leukocyte migration and cytokine/chemokine secretion were decreased substantially in mice fed the HFD. In contrast, leptin levels were elevated. Gene expression profiles in leukocytes recovered from the pouch and in the pouchlining tissue (believed to have an important role in the initiation of granulocyte recruitment) were depressed. Genes encoding CC and CXC family chemokines were among the most negatively affected. These results suggest that a HFD can alter peripheral tissue activation as well as leukocyte recruitment and response, thereby affecting the development of an effective local immune response, which could have deleterious consequences.
INTRODUCTION
At term, high-fat diets (HFDs) can elevate systemic inflammation markers and eventually lead to a metabolic state associated with negative and chronic health outcomes. 1 Mice are used routinely to study the interplay between the immune system and environmental challenges such as HFD/high-calorie diets. Consequences of HFD for the innate immune system eventually include elevated expression and production of pro-inflammatory molecules by adipose tissue, liver and skeletal muscle, and increased circulating concentrations of pro-inflammatory proteins, insulin resistance and dislipidemia, mimicking the metabolic syndrome (MetS) in humans. [2] [3] [4] [5] On the other hand, little is known regarding the impact of HFD on a peripheral, acute inflammatory reaction.
The murine air pouch model of inflammation is a powerful tool for in vivo studies of leukocyte infiltration and activation. Initial post-stimulatory events include recruitment of leukocytes, primarily neutrophils, which are then replaced gradually by smaller numbers of mononuclear cells. 6, 7 Activated cells residing in the lining tissues also have an important role in eliciting neutrophil accumulation, by synthesizing tumor necrosis factor-a (TNF-a) and CXC family chemokines. [8] [9] [10] [11] [12] [13] CXCL 1-3 rank among the most important factors in this process and specifically attract neutrophils. 14 Incoming neutrophils in turn become a significant source of chemokines and cytokines and contribute to the build-up of a proper inflammatory response. 9 In this study, we used the dorsal air pouch model to investigate the hypothesis that a short-term HFD could affect the progression of the inflammatory response. We report that such a diet is associated with increased circulating leptin levels and markedly impaired tissue response characterized by decreased leukocyte recruitment and activation and by an overall decrease in the local presence of inflammatory cytokines. Possible mechanisms are discussed.
RESULTS

HFD reduces leukocyte migration
Given the polygenic etiology of many metabolic conditions, a noninbred strain of animals such as the CD1 mouse seemed more appropriate than monogenic or pharmacologically induced models. 15 We fed CD1 mice with HFD for 5 weeks, a period generally preceding changes on gain weight and appearance of metabolic imbalances. 16, 17 Accordingly, the average weight gain among CD1 mice fed with HFD for 5 weeks was essentially the same as that in mice fed the normal diet (ND; Table 1 ). Plasma levels of glucose, insulin, triglycerides, non-esterified fatty acids, were all similar between the two groups, while cholesterol was elevated in the HFD group. Counts of blood leukocytes were slightly lower in HFD-fed group, but not in a significant manner. In contrast, plasma concentrations of leptin nearly doubled in the HFD-fed group. Also, HFD was associated with a decrease in the number of leukocytes migrating into the dorsal air pouch (Figure 1a ). The number of leukocytes was roughly halved in HFD-fed mice, while the proportion of CD45 þ Ly-6G þ doublepositive neutrophils remained similar, in the range of 90% (Figure 1b) . HFD did not significantly affect the survival rates of any of the leukocyte subtypes (Figure 1c ).
HFD reduces local accumulation of cytokines We measured concentrations of the cytokines/chemokines most frequently reported to accumulate in dorsal air pouches. 6, 7, 14 As shown in Figure 2 , nearly all of the molecules assayed, including the pro-inflammatory cytokines TNF-a and interleukin-1b (IL-1b), the pleiotropic cytokine IL-6, and even the anti-inflammatory cytokine IL-10, in addition to the CXC and CC family chemokines, were markedly decreased in the mice fed the HFD. Decreases ranged from B50% (CXCL2) to 490% (IL-6, IL-1b, TNF-a and CCL4). Activation ratios were sharply reduced in these mice, while basal concentrations appeared essentially unaffected, suggesting that the HFD had a greater impact on activation processes than on basal events. The growth factor granulocytemacrophage colony-stimulating factor (GM-CSF) was barely detectable in the pouch fluid under all conditions tested. Plasma levels of cytokines/chemokines/growth factor enumerated above were consistently below level of detection, in all conditions tested (data not shown). In contrast, levels of leptin were sharply elevated in the pouch exudates from HFD mice (110 ± 21 pg ml À 1 (ND) vs 495±75 pg ml À 1 (HFD), mean±s.e.m., n ¼ 8 per group, Po0.02).
HFD affects leukocyte activation
We assessed leukocyte activation in the dorsal pouches based on quantitative measurement of mRNA transcripts of genes expressed in neutrophils and involved in the immune response. 18 Figures 3a and b show respectively the relative expression level of each gene under basal (phosphate-buffered saline) and stimulated (lipopolysaccharide (LPS)) conditions, plus the ranking of the genes based on the effect of diet on expression level (lower panels). Measurement under basal conditions revealed downregulation (diminished at least by half) of 7 of 31 genes (Figure 3a) , in the mice fed the HFD. Regulatory components GADD45B and SOCS3, the fatty acid receptor GPR84, soluble mediators including CXCL3, TNF-a, EDN1 and IL-1b, were the most downregulated. Only two genes, coding for growth factor GM-CSF and nuclear receptor NR4A2, were upregulated (doubled or more). Gene expression overall was slightly depressed, decreasing by 33%. The impact of the HFD on gene expression measured under stimulated conditions was more pronounced, decreasing the expression of 23 genes (Figure 3b) . Genes encoding the regulatory components CISH, GADD45B, SOCS3, DUSPs and EGRs, the enzyme COX-2, receptor GPR84, CC and CXC family chemokines, and the pro-inflammatory cytokines IL-1a and b, TNF-a and EDN1, were all downregulated. Only NR4A2 remained upregulated, moderately. Gene expression under stimulated conditions decreased on average by 73% in the high-fat group. Figure 3c shows the stimulation index (that is, fold changes between the basal and stimulated levels of expression) obtained for each gene, plus the ranking of the genes based on the effect of diet on stimulation index (lower panel). The ranking based on stimulation index ( Figure 3c ) was overall quite similar in appearance to the ranking based on the expression level under the stimulated condition ( Figure 3b ). Decreases averaging 66% in gene activation were observed in the high-fat group.
HFD impairs lining tissue activation
The tissues lining the air pouch are involved in mounting the inflammatory response by initiating leukocyte infiltration. 9 In the mice fed the HFD, these tissues displayed a distorted basal gene expression profile (Figure 4a ). One gene, CCL2, was downregulated, while eight genes, encoding nuclear receptors NR4A3 and NR4A1, regulatory proteins BTG2, TNFAIP3 and CREM, COX-2, and the soluble mediators GM-CSF and IL-10, were upregulated. Gene expression was increased on average by 29%. Under stimulated conditions, 13 genes were downregulated while only 1 was increased ( Figure 4b ). Genes encoding CC and CXC family chemokines were the most affected, by up to three cycles compared with expression levels in the mice fed the ND. In these conditions, a decrease in gene expression averaging 50% was observed. The HFD thus had a strong inhibitory impact on the profile of expression (Figure 4c ). Cytokine and chemokine genes in the pouch-lining tissues generally displayed the greatest decreases in activation. An overall decrease of 61% in stimulation index was observed in the HFD group. DUSP1, DUSP2, DUSP5 and CISH mRNA were consistently undetected in the pouch-lining tissues, indicating the near absence of granulocytes. Genes of which the expression levels in the air pouch-lining tissues or leukocytes of mice fed the HFD were most affected (based on at least of two of the three measurements) are listed in Table 2 . Nearly all of these genes, encoding cytokines, transcription factors, regulatory elements or receptors, were downregulated. The only exception was upregulated transcription factor NR4A2 in leukocytes.
Elevated levels of circulating leptin, observed in the plasma of HFD-fed mice, prompted us to investigate the potential impact of this adipokine on activation of neutrophils. To this purpose, we stimulated freshly isolated human neutrophils with LPS in absence or presence of human leptin (5 ng ml À 1 ) and evaluated the mRNA expression of chemokines and cytokines expressed by these cells. Figure 5 shows that leptin markedly prevented the upregulation of chemokines of the CXC and CC-families, as well as the proinflammatory cytokines TNF-a and IL-1b. Inhibition reached 40% in the case TNF-a.
DISCUSSION
HFD is used routinely in rodents to study molecular events that may lead to symptoms associated with the MetS in humans, which includes some of the following risk factors: insulin resistance, hypertension, obesity and dyslipidemia, unequivocally linked to increased risk of developing type 2 diabetes and cardiovascular disease and associated with sustained high-calorie intake. [1] [2] [3] [4] 19 It is estimated that 430% of Americans meet the criteria for MetS. 20 In this study, we assessed the impact of a short-term HFD model on neutrophil activation and on early inflammatory response, using the LPS-injected murine dorsal air pouch. This model was designed originally as an animal model of synovial tissue reconstitution. 21 A structure resembling the synovium forms gradually within a few days of subcutaneous injection of air. The resulting conjunctive tissue is composed mainly of fibroblasts, smooth muscle cells, epithelial cells and smaller numbers of Figure 2 . Determination of cytokine/chemokine concentrations in dorsal air pouches. Cytokines/chemokines in cell-free exudate washed from dorsal air pouches raised on CD1(ICR) mice fed a ND or a HFD were measured using a multiplexed bead-based immunoassay, as described in Materials and methods section. Values are mean ± s.e.m. (n ¼ 8 mice). The LPS/phosphate-buffered saline (PBS) ratio represents the magnitude of the response to stimulation with LPS. * Significantly lower than ND. resident macrophages. 9 Air pouches provide considerable advantages, such as easy collection of local exudate produced following injection of an inflammatory stimulus, and direct analysis of soluble mediators and have become a model of choice for the study of leukocyte infiltration and activation. 6, 9 Results presented herein show that a HFD may affect pivotal aspects of an acute inflammatory response, even before the appearance of risk factors associated to the MetS. In the air pouch, the concentration of inflammatory mediators, the number of leukocytes and the gene activation profile were all depressed.
In a previous analysis of human granulocyte transcriptomes, we selected genes based on their responsiveness to stimulation and their potential involvement in immune response pathways including cytokine-receptor interaction, leukocyte trans-endothelial migration, Janus kinase (Jak)-signal transducer and activator of transcription signaling pathways, mitogen-activated protein kinase signaling pathways, natural killer cell-mediated cytotoxicity, apoptosis, Toll-like receptor signaling pathways, T-and B-cell receptor signaling pathways, arachidonic acid metabolism, insulin signaling pathways, neuroactive ligand-receptor interactions, focal adhesion, ubiquitin-mediated protein lysis and chronic myeloid leukemia (http://www.genome.jp/kegg/pathway.html). 18 On the basis of this selection, we focused on 31 murine genes, encoding transcription factors, enzymes, regulatory elements, cytokines/chemokines and receptors, which provide a valuable picture of leukocyte activation. 18 By monitoring the impact of HFD on basal and stimulated expressions and calculating a stimulation index for each gene, we obtain a clearer picture of gene expression and activation, than what could be obtained by simply noting the relative increase or decrease in mRNA. This three-level approach allowed us to identify clearly the genes that were most affected in leukocytes and lining tissue cells in the mice fed the HFD. Among these genes were those encoding chemokines CXCL 1-3, CCL 2-4, cytokines IL-1a/b and TNF-a, that is, almost all of the principal factors required for recruiting granulocytes, monocytes and other cell types. 14, 22 This depressed expression suggests that the HFD might interfere with proper activation of cells residing in the pouchlining tissues, instrumental in the leukocyte recruitment phase. 7 Poor leukocyte recruitment may in turn have an impact on leukocyte activation itself.
Although many of the depressed genes encode pro-inflammatory factors (for example, IL-1a/b, TNF-a and so on), some are also involved in terminating or limiting cellular responses. For example, TNFAIP3 is known to limit cell activation by terminating nuclear factor-k-B activity. 23 The DUSP gene family, which currently includes 25 members, encodes non-receptor-type proteintyrosine phosphatases. Although each member may have a different role, this family as a whole is important for fine tuning the immune response, making it strong enough to neutralize pathogens, but not vehement to the point of causing excessive tissue damage. 24 Another important family is the SOCS group of proteins, including SOCS3, which bind to JAK or cytokine receptors, thereby suppressing further signaling events. 25 The nuclear receptor/transcription NR4A factors are rapidly and strongly induced in activated immune cells and normally contribute to the integration of cytokine signaling in inflammatory situations. In the mice fed the HFD, NR4A1 and NR4A3 were downregulated while NR4A2 was upregulated (compared with ND), clearly showing an unbalanced solicitation of these genes. 26 We found elevated levels of leptin in the plasma and exudates of HFD-fed mice, raising the possibility that it might contribute to the altered responses. Leptin is one of the most important hormones secreted by adipocytes, with a variety of physiological roles related to the control of metabolism and energy homeostasis. 27 The main function of leptin in the human body is the regulation of energy expenditure and control of appetite. 28 Serum level of leptin reflects the amount of energy stored in the adipose tissue. 29 Neutrophils express leptin receptor 30 and its engagement can promote chemotaxis 31, 32 but to inhibit neutrophil migration in response to other chemoattractants 33 and to modulate neutrophil phagocytosis of Klebsiella pneumonia. 34 In this study, leptin markedly altered the capacity of human neutrophils to respond LPS, and directly modulated the mRNA expression of a number of important inflammatory mediators, including that of key cytokines and chemokines. This modulatory effect may contribute, at least in part, to the impaired recruitment and activation of neutrophils observed in HFD-fed mice.
TLR4 is part of an obligatory pathway for the response to LPS. A study by Shi et al. 35 indicated that TLR4 function is positively modulated by nutritional fatty acids. In the present conditions, however, levels of free fatty acids were unaltered, and a decrease in TLR4-dependent cell response was observed, suggesting that elevated levels of leptin may interfere with the TLR4 pathway. Results with human neutrophils confirmed this possibility. It will be interesting to determine whether the response of neutrophils to other stimuli (for example, CpG, opsonized particles and so on) and mediated by distinct classes of receptors, can also be modulated by leptin. Further studies are required to identify the intracellular mechanisms by which this modulation occurs.
The exact physiological outcome of an expression profile thus altered cannot be predicted from this study; however, substantial impairment of the inflammatory response is likely. Weak participation of leukocytes, based on the observed cell numbers and levels of mediators present in the air pouch fluid, as well as the depressed gene expression profiles, would be expected to contribute to attenuation of the acute inflammatory response. HFDs have been associated with increased adipose tissue inflammation and upregulation of several genes that appear to induce chemotaxis of peripheral blood leukocytes to white fat tissues, [36] [37] [38] conditions that might contribute to the systemic, lowgrade vascular inflammation implied by the increased circulating C-reactive protein concentrations measured in MetS patients. 39, 40 Furthermore, impaired granulocyte responses such as those observed in this study have been reported previously. In a recent study of long-term feeding of a HFD to mice, authors NR4A1  GPR84  CISH  CCL4  NR4A3  TNFAIP3  CXCL1  EGR1  DUSP1  CXCL2  BTG2  COX2  CCL3  DUSP2  EDN1  SOCS3  TNFA  GADD45B  IL-1b  CXCL3 NR4A2
Criterion: gene expression was at least doubled, or halved, based on at least two out of three variables (basal expression, stimulated expression and stimulation index). Genes are presented in decreasing order of alteration. Italics: downregulated; bold type: upregulated. Figure 5 . Impact of leptin on the chemokine/cytokine expression in human neutrophils. Human neutrophils were stimulated with LPS (1 mg ml À 1 ), in the absence or presence of leptin (5 ng ml
). Messenger RNA levels for the indicated genes were determined by real-time PCR. Bars represent the ratio of threshold cycles between LPS þ leptin, and LPS-stimulated samples (mean ± s.d., n ¼ 2). Po0.05.
reported increased mortality and impaired immune response to sepsis. 3 In another study, mice fed a HFD had increased levels of macrophages in fat tissues, while the proportion and functionality of phagocytosis-capable granulocytes and the production of reactive oxygen species by peritoneal lavage cells were decreased. 41 The outcome of the immunological events shaped by a HFD thus appears to be tissue specific. In our short-term study, gain weight, and most of the monitored blood markers were still unaltered by HFD after 5 weeks, except for cholesterol and leptin. Our results clearly point to a role for leptin in the impaired neutrophil response. To our knowledge, this is the first evidence linking leptin to the regulation of gene expression in stimulated neutrophils.
In conclusion, a HFD can affect acute inflammatory processes by interfering with tissue activation, leukocyte recruitment and cell responses. Overall, our results shed light on a number of molecular events involved in the onset of a subcutaneous inflammatory reaction. Moreover, they unravel a new and potentially important role for leptin in acute, inflammatory reactions.
MATERIALS AND METHODS
Experimental procedure
Mice. The Université Laval animal protection committee approved all experiments involving animals. CD1(ICR) mice aged 3-4 weeks (purchased from Charles River, Montré al, QC, Canada) were fed either a ND (n ¼ 36) or HFD (n ¼ 35) for 5 weeks. Diets were formulated so that lipids provided 18% and 60% of the dietary energy, respectively (ND: 2018; HFD: TD.06414, Harlan Laboratories, Madison, WI, USA). Males and females were distributed equally between the two treatment groups. Mice were kept in groups of four per cage at 20 1C and 60% relative humidity with a lightdark cycle of 12 h. Access to food and water was ad libitum.
Humans. The Université Laval ethics committee approved all experiments involving human tissues. Informed consent was obtained in writing. Neutrophils were isolated as originally described, 42 with modifications 43 and re-suspended in Hank's balanced salt solution (37 1C) containing 10 mM HEPES pH 7.4, 1.6 mM Ca 2 þ and no Mg 2 þ . Where applicable, cells were incubated at 20 Â 10 6 cells ml À 1 , incubated with human leptin (ProSpec, East Brunswick, NJ, USA) for 15 min at 37 1C then stimulated with LPS (1 mg ml À 1 ) for 90 min.
Dorsal air pouches
Dorsal air pouches were raised beginning 6 days before the end of the dietary treatment, by subcutaneous injection of 5 ml of sterile air on day 0 and 3 ml on day 3, as described previously. 6, 21 Individual air pouches (one per mouse) were injected with 1 ml of pre-warmed, endotoxin-free phosphate-buffered saline with or without 500 ng of LPS from Escherichia coli (LPS, E. coli 0111:B4, Sigma-Aldrich Canada Co., Oakville, ON, Canada). The mice were killed 4 h later, weighed and individual air pouches were rinsed twice with ice-cold phosphate-buffered saline (total of 2 ml) to harvest exudates. Cells were enumerated using a Cellometer Auto T4 Plus cell counter (Nexcelom Bioscience LLC, Lawrence, MA, USA) with Cellometer Auto Counter software, version 3.2.1. Viability was examined using Trypan blue dye exclusion. A sample of the tissue lining the air pouch was collected.
Cell subtyping
Identification of leukocyte and subtypes were performed using V450-conjugated rat anti-mouse CD45 antibody, antigen-presenting cellconjugated rat anti-mouse Ly-6G (1A8) antibody, fluorescein isothiocyanate-conjugated rat anti-mouse CD3 (BD Biosciences, Mississauga, ON, Canada), and phycoerythrin-Cyanine7-conjugated rat anti-mouse CD115 (eBioscience, San Diego, CA, USA). Briefly, 100 ml of cell suspension (or 20 ml blood þ 80 ml saline) were incubated with 0.2 mg of anti-CD45 (leukocyte marker), 0.4 mg of anti-Ly-6G (granulocyte marker), 0.5 mg of anti-CD3 (lymphocyte marker) and 0.2 mg of anti-CD115 (monocyte marker) for 30 min in the dark. In all, 400 ml of phosphate-buffered saline þ 5 ml Polybead Microspheres 15.00 mm (Polysciences Inc., Warrington, PA, USA) were added and samples were analyzed using a FACS Canto II flow cytometer with FACSDiva software, version 6.1.3 (BD Biosciences).
Cell viability
Assessment of cell viability was performed using V450-conjugated rat antimouse CD45 antibody, antigen-presenting cell-conjugated rat anti-mouse Ly-6G (1A8) antibody and a FITC Annexin V Apoptosis Detection Kit (BD Biosciences). Briefly, 100 ml of cell suspension were incubated with 0.2 mg of anti-CD45 (leukocyte marker) and 0.4 mg of anti-Ly-6G (granulocyte marker) for 30 min in the dark. After centrifugation, cell pellets were suspended in 100 ml of the binding buffer 1X provided with the apoptosis detection kit. Anti-Annexin V (5 ml) and 5 ml of propidium iodide were added to each sample. After 15 min, 400 ml of binding buffer were added and samples were analyzed using a FACS Canto II flow cytometer with FACSDiva software, version 6.1.3 (BD Biosciences). Gating was determined using control samples labeled individually with either anti-Annexin V or propidium iodide.
Metabolite measurement in plasma and pouch exudates Cytokine/chemokine levels in the supernatant of centrifuged cell suspension recovered from dorsal pouches were measured using a multiplexed bead-based immunoassay (BD Cytometric Bead Array) according to the manufacturer's protocol. TNF-a (C8), IL-6 (B4), IL-10 (C4), IL-1b (E5), GM-CSF (B9), CCL2/MCP-1 (B7), CCL3/MIP-1a (C7), CCL4/MIP-1b (C9) and CXCL1/KC (A9) levels were determined using FCAP Array software, version 3.0 (BD Biosciences). CXCL2/MIP-2 measurement was performed using a commercially available ELISA kit (R&D Systems Inc., Minneapolis, MN, USA); plasma levels of glucose, cholesterol, triglycerides and nonesterified fatty acids were each measured using kits from Randox (Kearneysville, WV, USA); insulin was measured using an ELISA kit from Mercodia (Uppsala, Sweden), all according to the manufacturer's instructions. Plasma and exudate levels of leptin were measured with an ELISA kit from Peprotech (Dollard des Ormeaux, QC, Canada), also following the manufacturer's instructions.
RNA isolation
Total RNA was isolated from approximately 10 Â 10 6 leukocytes (pellet of centrifuged dorsal pouch cell suspension) or from pouch-lining tissue using Trizol (Life Technologies Inc., Burlington, ON, Canada) according to the manufacturer's protocol, with modifications. 43 Briefly, cells or tissue were homogenized in 1 ml of Trizol and 200 ml of chloroform were added. Samples were mixed and then centrifuged at 12 000 Â g for 15 min (4 1C) and the aqueous phase (450 ml, on top) was transferred to a tube containing an equal volume of isopropanol, mixed thoroughly using a vortex device and centrifuged at 12 000 Â g for 10 min (4 1C). The supernatant was discarded and the precipitated RNA pellet was washed twice using 500 ml of 75% ethanol and centrifugation at 12 000 Â g for 5 min (4 1C). The final pellet was allowed to air-dry for 5-10 min and then re-suspended in RNAse-free water. RNA was quantitated using a Qubit Fluorometer (Life Technologies Inc.).
Comparative real-time PCR Gene expression (mRNA transcript level) was monitored in leukocytes and pouch-lining tissue using real-time PCR. Reverse transcription was performed using 1 mg of total RNA with a Transcriptor First Strand cDNA Synthesis Kit (Roche Applied Science, Laval, QC, Canada) following the manufacturer's instructions. Real-time PCR was performed as described previously. 44 Briefly, complementary DNA amplification was carried out in a Rotor-Gene Q operated with Q-series software version 2.0.2 (Qiagen Inc., Mississauga, ON, Canada) using 35 cycles of 95 1C for 17 s, 58 1C for 25 s and 72 1C for 25 s. Each reaction mixture contained 40 ng of complementary DNA, 2 ml of 10X buffer (100 mM Tris, 500 mM KCl, 30 mM MgCl 2 and 1.5% Triton X-100), 100 mM dNTP, 500 nM of primers, 0.1 unit of Taq DNA polymerase (Roche Applied Science) and SYBR Green I dye (Life Technologies Inc.) diluted 1:30 000 in a volume of 20 ml. Reaction specificity was ascertained by performing the Melt procedure (58-99 1C, 1 1C per 5 s) at the end of the amplification protocol, according to the manufacturer's instructions. For each gene of interest, specific primers were designed as described previously. 44 Briefly, primers were selected systematically within the coding region, with a theoretical melting point of 58 1C, GC content of 50% ( ± 10%) and 18 to 24-bp length, for an average product length of 200 bp. Primers thus designed were all tested with gradient PCR before their use in real-time PCR and are listed in Table 3 . Internal control genes Inflammatory reaction altered by HFD C Laflamme et al were ranked using RefFinder, a web-based comprehensive tool developed for evaluating and screening reference genes based on published data sets (http://www.leonxie.com/referencegene.php?type=reference). RefFinder integrates currently available major computational programs (geNorm, 45 Normfinder, 46 BestKeeper 47 and the comparative DDCT method 48 ) in order to rank tested candidate reference genes. On the basis of the ranking provided by each program, it assigns a weight to an individual gene and calculates an overall final ranking based on the geometric mean of these weights. Six genes were selected as candidate control genes: GAPDH, GUSB, H2AFZ, PPIA, TUBB4A and UBC. 49, 50 The gene with the best ranking was used as the normalizing factor for presenting relative mRNA expression. In this study, GAPDH consistently ranked best in leukocytes, while H2AFZ was most stable in resident tissues.
Statistical analysis
Where applicable, values are expressed as mean ± s.e.m. Statistical analysis was performed using two-tailed Student's t-test (unpaired). Differences were considered significant (marked by an asterisk*) when Po0.05.
